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ABSTRACT 
Survival of Porcine Pepsin During Cheddar 
Cheese Making and its Effect on Casein 
During Cheese Ripeninig 
by 
Gheyath H. Majeed, Doctor of Philosophy 
Utah State University, 1984 
Major Pro fessor: Dr. C. A. Ernstrom 
Department : Nutrition and Food Sciences. 
x 
A modification of a linear diffus i on test f o r 
measuring milk ciotting enzymes at concentrations of lXl0- 4 
to lXlO-l chymosin units / ml was developed to permit quan-
titative assay of porcine pepsin in Cheddar cheese with a 
standard deviation of 6%. The amount of porcine pepsin 
retained in Cheddar cheese curd was dependent on pH of 
milk at setting. Milk at pH 6.6, 6.4, 6.2, and 6.0 was set 
with porcine pepsin, acidified with lactic acid and 
glucono- ~ -1 actone and made into Cheddar cheese. After 
pressing the corresponding curd contained 0, 3.64+0 .12 %, 
4.79+0.52%, and S.94+0.30% of the pepsin activity added to 
the milk. Polyacrylamide gel electrophoresis of cheese 
revealed increasing degradation of the ~81 -casein band 
with increasing residual pepsin in the curd. However, some 
degradation of the ~s 1 -casein band was evident in curd set 
at pH 6.6 which showed no residual pepsin. Curd was made 
xi 
by ultrafiltration from whole milk followed by acidifica-
tion to pH 5.2 with hydrochloric acid and glucono- 6 -
lactone and vacuum evaporated to 39% moisture at 40 C (no 
clotting enzymes and no starter) . Degradation of the o< s 1 -
casein in this curd was similar to that observed in pepsin 
cheese set at pH 6.6. All degradation in o<s 1-casein cannot 
be attributed to milk clotting enzymes or starter bacte-
ria. Porcine pepsin does not contribute to protein diges-
tion in cheese curd during ripening unless the milk is 
below pH 6.6 at setting. 
(113 pages) 
INTRODUCTION 
.Re n n e t ( EC 3 . 4 . 2 3 . 4 ) , t he c r u de ex tr a c t f r om the 
fourth stomach of young calves is the coagulant historical-
ly used in cheese making. During the last two decades a 
noticeable shortage of rennet has existed (28). This 
shortage is due to increas e d cheese production and 
decreased availability of young veal calves (80). This 
si t ua t ion c r ea t ed an in t er e st in fi nding o t her pr o t e as e s 
t hat can substitute for renne t . 
Porcine pepsin (EC 3.4.23.1) has been successfully 
used as a renne t substitute (14, 24, 33, 34, 42, 51, 53, 
56, 57, 70, 73, 8 3 ). Its use has raised the question of 
the importance of milk clotting enzymes in cheese curing. 
Previous reports have suggested that porcine pepsin does 
not survive the Cheddar cheese making process (35, 39, 
55), yet satisfactory cheese can be made with this enzyme 
(55, 83), which has very poor stability above pH 6.2 (23, 
24). This argues that milk clotting enzymes play little if 
any significant role in Cheddar cheese curing. There was 
less proteolytic breakdown in Cheddar cheese made with 
porcine pepsin than that made with chymosin (EC 3.4.23.4) 
(the pure enzyme from rennet) (35, 53, 56, 83). This would 
be true if porcine pepsin was inactivated during the 
cheese making process. However, cheese quality was not 
significantly affected. 
2 
Porcine pepsin was rapidly denatured in phosphate 
buffer between pH 6.4 and 6. 7 at a temperature between 31 
and 39 C, but was more stable in milk under similar condi-
tions (70). In Cheddar cheese making, porcine pepsin ap-
peared to be more stable than in phosphate buffer or milk, 
but was affected by the pH at setting. 
It has been claimed that porcine pepsin and chymosin 
are equally stable under normal cheese making conditions 
(7 0 ). This was based on observed proteolysis in cheese 
which was attributed to pepsin activity. However, degrada-
tion of ~s 1 -casein during ripening of cheese set at pH 6.6 
and 6.65 might have been due to the presence of a more 
stable chymosin like-enzyme in the pepsin preparation or 
to natural milk proteases. Other w9rkers (35) concluded 
that porcine pepsin does not survive the Cheddar cheese 
making process. 
A diffusion technique to measure residual milk 
clotting enzymes in cheese curd was developed by Holmes et 
al. (40). However, this technique failed to measure 
residual porcine pepsin in the curd because the pH of 
extraction of the enzyme must be at 6.8 which would inac-
tivate porcine pepsin. This procedure can measure very low 
concentrations of milk clotting enzymes that are stable at 
pH 6.8 (down to 10- 4 chymosin units / ml), and is considered 
very effective for measuring residual chymosin and micro-
3 
bial proteases in cheese. 
developed by other workers 
Othe r procedures have been 
(19, 47, 55, 76, 78, 94) to 
measure low concentrations of milk clotting enzymes. 
The purpose of this study was to: 
1. Modify the Holmes et al. (40) procedure to enable 
complete recovery of pepsin from curd without loss of 
activity. 
2. Determine whether porcine pepsin survives the Cheddar 
cheese making process. 
3. If pepsin does not survive the cheese making process, 
exp 1 a in the cause of °'sl -casein decomposition in cheese 
reported by O'Keeffe et al. (70). 
4. If porcine pepsin does survive the cheese making pro-





Ripening of cheese usually refers to the biochemical 
and phy sical changes in cheese to give the desired flavor 
and texture. These changes are achieved by a very compli -
c ated series of biological and biochemical reactions which 
i n volve a number of enzymatic reactions. Their extent 
depends on many factors such as moisture content of 
cheese, temperature of ripening, and pH of the cheese . 
Although many studies and reviews concerning this subject 
have been published (1, 37, 54, 81), many aspects of 
cheese ripening have not been explained. 
Cheese ripening includes changes in the main compo-
nents of cheese, which are, carbohydrates, lipids, and 
casein. In this review section, emphasis will be on casein 
changes caused by residual milk clotting enzymes retained 
in the curd. Effects of starter proteinases have been 
reviewed extensively by other workers (37, 54, 81) 
Carbohydrate changes are insignificant during cheese 
ripening. The reactions invo 1 v ing 1 actose are most 1 y du-
ring the cheese making process and during the early period 
of ripening to form lactic acid. However, trace amounts of 
lactose remain in cheese curd which is converted to lactic 
acid by the glycolysis pathway (37). Adda et al. (1) 
mentioned that carbohydrates are fermented through the 
5 
hexose diphosphate pathway to pyruvic acid and then to 
lactic acid. Conversion of lactose to lactic acid is 
essentia 1 to norma 1 cheese f 1 aver and texture . Formation 
of lactic acid inhibits the growth of undesirable microor-
ganisms (81). The acidity of the curd causes solubiliza -
tion of phosphate and calcium. Calcium level is an 
important factor in cheese texture and body (1). 
Cheese fat con~ribution to Cheddar cheese flavor has 
been studied by Ohern and Tuckey (69). They found that 
Cheddar cheese made from skim milk did not have typical 
Cheddar cheese f 1 a var. Typica 1 Cheddar cheese f 1 a var re-
quired a balance of free fatty acids and acetate. The best 
ratio of free fatty acids to acetate was 0.55 to 1.0. 
Degradation of casein 
during cheese ripening 
Caseinate undergoes a series of changes during ripe-
ning of cheese to give the required body, texture and 
flavor of cheese. These changes are due to proteolytic 
enzymes present in cheese. Sources of these enzymes are: 
milk clotting enzymes, proteolytic enzymes from starter 
bacteria, proteases from contaminating bacteria, and natu-
ral milk proteases. 
Role of milk clotting enzymes 
Milk clotting enzymes used in cheese making contribute 
to proteolytic breakdown during cheese curing (10, 14 , 30 , 
6 
34, 35, 48, 65, 70, 71, 89, 90, 92). However, the evidence 
is inconclusive as to whether this enzymatic effect is 
contributary, detrimental, or insignificant to overall 
cheese quality and flavor development. Much research has 
been done to evaluate the role of milk clotting enzymes in 
cheese curing (10, 11, 14, 15, 25, 32, 35, 49, 56, 66, 70 , 
71, 72, 82, 83, 89, 90, 91 , 92). The action of milk clot -
ting enzymes on casein has been reported by many authors 
(2, 6, 29, 30, so, 60, 62, 63 , 93). 
Visser (90) studied protein breakdown in asceptica lly 
made Gouda cheese. Action of chymosin and starter bacteria 
were i~vestigated during cheese ripeni~g. Chymosin was 
responsible for most of the soluble nitrogen produced. 
Starter bacteria proteases and milk protease in the coagu-
lant-free cheeses had less effect. Chymosin contributed to 
the production of high and low molecular weight peptides, 
while starter bacteria proteases contributed to the 
production of low molecular weight peptides (<1 400) inde-
pendent of chymosin and dependent on the kind of cu 1 ture 
used. Milk protease produced low molecular weight peptides 
and amino acids independent of chymosin or starter bacte-
ria. He concluded that when all enzymes were acting 
together in normal cheese , high molecular weight peptides 
produced by chymosin were degraded by starter proteases to 
form low molecular weight peptides and amino acids. These 
7 
resu 1 ts agree with those of other workers ( 4 8, 71). 
A gel electrophoretic study was done by Visser et al. 
(92) under the above conditions, which showed that o<s 1 -
casein degradation occured rapidly in normal asceptic 
Gouda cheese, while ,.6'- casein degradation was slow. It 
appeared from the starter free cheese that chymosin was 
responsible for degrading ~s 1 -casein and ;.9-casein during 
the first month of ripening . Starter bacteria proteases 
degrade ~s 1 -casein and ,8-casein significantly but sl owly. 
Milk protease was responsible for the formati o n of "minor 
caseins" from f9- casein and also degraded o<s 1 -casein, 
which appeared clearly on the electrophoretic patterns of 
starter-free and rennet-free asceptic cheese after 6 
months of ripening. However, chymosin was the determina-
tive agent for the extent of proteolysis in Gouda cheese . 
Ripening of Noodho 11 andse Mes hanger cheese (soft 
cheese) was stud ied in detail by Noomen (65,66). He con-
cluded that presence of surface flora is not necessary for 
the softening of this type of cheese. Results with 
glucono- -lactone acidified cheese showed that even though 
lactic acid bacteria contribute to protein degradation 
during ripening, they are still not crucial for the 
changes in consistency in the cheese. The proteolytic 
activity of chymosin was the main cause of protein degra-
dation in Meshanger cheese softening. 
8 
Chymosin degraded o(sl -casein much more than ;.S'-casein 
in soft type cheese. The action on o(s 1 -casein was pH 
dependent with maximum activity near pH 5.0 (66). However, 
sodium chloride concentration also affected the degrada-
tion of °'s 1-casein. Up to 4 % of sodium chloride in cheese 
moisture stimulated the degradation of ~s 1 -casein, but 
greater concentrations had a c ontrary eff e ct. The effect 
of sodium chloride concentration o n the degradation of 
o(s 1 -casein and A'-casein by chymosin and porcine pe p sin 
was studied in 3% casein in 0.1 M phosphate buffer at pH's 
6.5, 6.0, and 5.2 (30). Optimum degradati o n o f °'s 1 -
casein by chymosin occured in the presenc e of 5% s o dium 
chloride, and by porcine pepsin at 5-10%. However, 50% of 
o<s 1 -casein was hydro 1 yzed by chymos in in the presence of 
2 0 % sodium ch 1 or id e. Pro t e o 1 y s is of ,6'- casein by both en -
zymes was inhibited by 10 % sodium chloride, and was re-
duced in the presence of 5% sodium chloride. The inhibi-
tory effect of sodium chloride on the proteolysis of 
casein was independent of pH and incubation temperature. 
Activity of milk protease in soft cheese (Meshanger 
type) appeared to be affected by pH and sodium chloride 
concentration (65). At low acidity (pH 6.2) protein degra-
dation by milk protease was more extensive than at high 
acidity (pH 5.4). Degradation of~s 1 -casein by milk pro-
tease at pH 6.2 was slower than that of ;8- casein. At pH 
9 
5 . 4 , °'s 1 - c a s e i n w a s deg r a de d mo r e t ha n ;8 - c a s e in by mi 1 k 
proteases. The higher concentration of sodium chloride in 
cheese decreased the degradation of both caseins. However, 
the contribution of milk proteases to protein degradation 
in Meshanger cheese was of little importance for the 
normal cheese ripening. The relation between the breakdown 
in o<s 1-casein and consistency of Meshanger cheese has been 
discussed by de Jong (15). The best consistency was when 
70% of the o<s 1-casein was degraded. 
The specificity of chymosin to o<s 1-casein was studied 
by several workers (12, 13, 62, 63). Chymosin hydrolyzed 
~s 1 - casein to ~s 1 - I, ~s 1 -II, and °'sl-III /IV in diluted 
phoshate buffer at pH 5.8 or less (6 3 ). At pH 4.6 however, 
chymosin hydrolyzed o<s 1 - casein to o<s 1 -I, then o<s 1 - v . 
Proteolytic specificity was altered by sod~um chlorid~ At 
5% w/v sodium chloride solution and pH 5.2, o<s 1 -casein was 
hydrolyzed to ~s 1 -I, then~s 1 -vrr and D's 1-VIII. 
The bonds most labile to chymosin in ~s 1 - ca sein in 
Cheddar cheese were bond 23-24 and 24-25 (13). The °'sl-I 
casein consists of residues 25-199 of o<s 1 -casein. The 
specificity of chymosin to o4s 1 -casein was dependent on the 
pH of reaction and the state of aggregation (63). The 
rheological properties of young Cheddar cheese was linked 
to the conversion of o<s 1-casein to o<s 1-r casein (12). 
10 
It has been suggested that proteases from ~ucor miehei 
and ~~£~£ £US~ll~us var. Lindt are used extensively in 
cheese making only because such a small amount remains in 
the curd ( 2 - 3 % ) ( 4 0 ) . En ~~!b.~~ Ear a s i ! i c ~ i s used for 
Swiss cheese, but no activity has been reported in the 
cheese where high cooking temperature was employed (79). 
These funga 1 enzymes have greater protea 1 yt ic activity 
than rennet or pepsin as measured by soluble nitrogen 
when using fresh cheese as a substrate or when incubated 
in casein solution (60). The electrophoretic patterns also 
showed differences in proteolytic action on cheese between 
pepsin, fungal proteases and chymosin (60). Bendet and 
Park (2) found that ~~~~!b.~~ E~£~Si!~£~ enzyme degraded 
o<s-casein more than Mucor miehei enzyme or chymosin as 
determined by sodium dodecyl sulfate poly acrylamide gel 
electrophoresis on acid casein. However, the effect of the 
three enzymes on ;.5'-casein was insignificant. k-casein 
degradation by the three enzymes was similar. 
Action of milk clotting enzymes on ;.1-casein has been 
reported by many authors (6, 20, 49, 50, 95). Cerbulis et 
a 1 . ( 6) found that both chymosin and porcine 
pepsin degraded p>-casein more than chymosin when given 
sufficient time. Mickelsen and Fish (60) found that degra-
dation of j.J- casei n was caused by chymosin, porcine 
pepsin and fungal rennet when added to whole casein solu-
11 
tion. However, Ledford et al. (49) did not notice any 
effect of chymosin on ,4-casein of Cheddar cheese after 15 
days ripening, as shown by their electrophoretic patterns 
of Cheddar cheese made without starter. Degradation of 
cx'sl -casein occured after overnight pressing. However, the 
physical form of casein influenced rate of proteolysis by 
chymosin (50). Degradation of dissolved casein was faster 
than of casein micelles when milk was the substrate. The 
dissolved casein showed a quick proteolysi~ of o<s 1 -casein 
and j.5'-casein which agrees with Cerbulis et al (6). In 
mi 1 k o<s 1 -casein was al so degraded very rapid 1 y whi 1 e ;3 -
casein seemed to resist proteolysis. 
The action of chymosin on j.1-casein has been studied 
extensively by Visser and Slangen (93). ;6'-casein was 
attacked by chymosin at positions (in order of decreasing 
susceptibility): Leu (192)-Tyr (193) > Ala (189)-Phe (190) 
> Lue (165)-Ser(l66) >= Lue (127)-Thr (128). This was 
studied at 13 C in 0.05 M sodium acetate buffer at pH 5.4. 
Degradation of ;6'-casein by chymosin in Cheddar 
cheese and Gouda cheese was studied by Creamer (10). He 
attributed the formation of A -caseins to the action of 
starter enzymes or I and mi 1 k protease. The degradation of 
j.1 -casein was more extensive in Gouda cheese than in 
Cheddar cheese, whi 1 e the degradation of o<sl - casein was 
more extensive in Cheddar cheese than in Gouda cheese. 
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Thi·s was attributed to the pH of cheese since Cheddar has 
a lower pH than Gouda cheese, which is more optimum to 
chymosin action on o<s 1-casein. 
Formation of bitter peptides in cheese during ripening 
has been investigated by many workers (48, 71, 89, 91). 
Lawrence et al. (48) suggested that chymosin produced high 
molecular weight non-bitter peptides during Cheddar cheese 
ripening, which were consequently altered by starter 
bacteria proteinases to small . molecular weight bitter 
peptides. O'Keeffe et al. (71) concluded that chymosin and 
pepsin were responsible for formation of large peptides 
during Cheddar cheese ripening, while starter bacteria 
proteinases were responsible for formation of small pep-
tides and amino acids from larger peptides produced by the 
milk coagulant . Visser (89, 91) also claimed that bitter -
ness in Gouda cheese might be caused by small molecular 
weight peptides (<1400). He concluded that chymosin was 
capable of producing bitter peptides in Gouda cheese after 
some months of ripening. Milk protease did not contribute 
to bitterness in Gouda cheese. 
Acid proteases of bovine milk which have been purified 
by Kaminogawa et al. (43) degraded °'s 1 -casein, ;6'-casein, 
and .A'-casein (44) to a fragment that had the same mobili-
ty in dis ~ and urea sodium dodecyl sulfate electrophoresis 
as that caused by the action of chymosin. However, para 
/<. -casein-like proteins that were formed by the action 
of acid proteases formed much slower than para - A'-
casein formed by chymosin. 
Effect of porcine pepsin 
during cheese ripening 
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The effect of porcine pepsin on caseins during ripe-
ning of cheese ha~ been studied by many workers (14, 29, 
56, 70, 8 3 ). 
Da v ies et al. (14) found t ha t variations in the amount 
of peps in had an insignificant ef feet on f 1 a vor, texture, 
body or ripening of Ch~ddar cheese. It was concluded that 
pepsin produced less protein degradation in Cheddar cheese 
than chymosin, however, pepsin produced good quality Ched-
dar cheese (51, 56, 57, 70, 83). Melachouris and Tuckey 
(56) investigated the differences in proteolysis produced 
by commercial rennet extract (chymosin) and porcine pepsin 
preparation (Metroclot) during ripening of Cheddar cheese. 
The proteolysis produced by chymosin was higher than that 
produced by porcine pepsin as was evident by non-protein 
nitrogen. However, both enzymes produced good quality 
Cheddar cheese. 
Milk clotting activity of porcine pepsin is highly 
dependent on pH of milk at setting (23, 95). Ernstrom (23) 
found that milk did not coagulate with porcine pepsin at 
pH 6.8 even though it was allowed to act for over two h . 
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Fox (29) studied milk clotting and proteolytic activ ity of 
chymosin, bovine pepsin, and porcine pepsin. Coagulation 
did not occur above pH 6.68 when porcine pepsin was the 
mi lk coagulant. Bovine pepsin was slightly more dependent 
on pH than chymosin . However, it was mo r e stable to h i gh 
pH than porcine pepsin of equal milk clotting activity. 
Porcine pepsin had greater proteolytic activity than 
chymosin or bovine pepsin, in sodium caseinate buffered in 
0.1 M sodium phosphate as a substrate . Green (33) found 
that the ratios of milk clotting activity to proteolytic 
activity were high f or chymosin and bovine pepsin but low 
for porcine pepsin. However in Cheddar cheese ripening, 
cheese proteo l ysis caused by porcine pepsin was l ess than 
that of chymosin , which they attributed to loss of porcine 
pepsin ac tivity during Cheddar c heese making. They 
concluded that porcine pepsin was suitable for Ch eddar 
cheese making if ripening time is increased. 
A study of the survival of porcine pepsin during 
Cheddar c he ese making was conducted b y O'Keeffe et al. 
(70). Porcine pepsin was denatured easily in phosphate 
buffer at pH 6.4 to 6.7 betwee n 31 and 39 C. However, it 
was more stable in milk under similar conditions . Porcine 
pepsin was more stable in Cheddar cheese making than in 
phosphate buffer or milk and its activity was affected by 
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the pH of milk at setting. They claimed that porcine 
pepsin was equally as stable as chymosin under normal 
cheese making conditions , and contributed as much as 
chymosin to Cheddar cheese proteolysis during ripening. 
Stability of porcine pepsin during Cheddar cheese making 
was attributed to : 
1. Failure of the interior curd particles to attain 
cooking temperature (39 C) as quickly as expected. 
2. Adsorption of the enzyme to casein made it less suscep-
tible to denaturation. 
However, they _did not mention the effect of bacterial 
contamination during cheese making that may have caused 
degradation of o<s 1- casein during ripening of starter free 
cheeses . Moreover, degradation of ~ 1 -casein might have 
been c aused by more stable chymosin like enzymes in the 
pepsin preparation, or by natural milk proteases. 
Cheddar cheese milk was acidified with lactic acid and 
glucono- 6-lactone (no starter) and was set with porcine 
pepsin or chymosin at pH's 6.65, 6.6, 6.55, 6.5, and 6.4. 
The lower the pH at setting, the more degradation occured 
during ripening of Cheddar cheese as shown by their 
polyacrylamide-urea gel electrophoretic patterns. For 
those cheeses set at pH 6.4, 6.5, and 6.55, degradation in 
~ 1 - casein appeared after pressing , whereas for those 
cheeses set at pH 's 6.65, 6.6, degradation in ~s 1 - casein 
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was evident after 1 week and 6 weeks ripening (Figure 1). 
Their results, however, contradicted other workers (35, 
40, 56) who claimed that porcine pepsin might be destroyed 
either partialy or completely during cheese making. 
However, the evidence as to whether porcine pepsin sur-
vives the Cheddar cheese making process and its role in 
cheese ripening was not explained or clarified in the 
previous studies. 
Porcine pepsin as 
a rennet substitute 
The idea of usin~ a substitute for rennet in the 
cheese industry was raised when a shortage in rennet 
existed. Any rennet substitute should be safe for human 
consumption and relatively inexpensive. Porcine pepsin is 
one of the proteases that has been successfully used as a 
rennet substitute (14, 42, 56, 70), but the Research 
Committee of the National Cheese Institute recommended 
that porcine pepsin not to be used as a complete rennet 
substitute (64). Many reviews about the milk coagulants 
have been published (24, 34 , 80). 
A significant problem of porcine pepsin is the slow 
coagul ation at high pH values (>6.6) (23, 24, 95) when 
used in cheese making. However, pepsin may be used in 
combination with rennet in cheese making (7, 73, 79). 
Porcine pepsin belongs to the group of aspartic pro-
'1s1"' 
a.1 - -------------- --------
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Figure 1. Electrophoretograms of chemically acidified 
cheeses set at pH 6.4, 6.5 , 6 . 55 , 6 . 6 , or 6 . 65 after 
pressing (slots 1, 2, 3, 4 and 5) , after 1 week rip-
ening at 7 C (slots 6, 7, 8, 9 and 10 respectively) 
and after 6 weeks ripening at 7 C (slots 11, 12 , 13 , 
14 and 15 respectively) (70). 
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teases (EC 3.4.23) (45), which has a :1omologous structure . 
(27). It consists of two domains with the active center in 
the cleft between the domains. The complete sequence of 
porcine pepsin has been published (27). The amino acid 
sequence shows about 50% difference relative to chymosin. 
Porcine pepsin has been purified and crystallized by many 
workers (38, 67, 68, 78). 
Porcine pepsin stability 
Milk clotting activity of porcine pepsin was studied 
by Ernstrom (23). Porcine pepsin activity declined as the 
pH of milk increased. No coagulation of skim milk occured 
when the setting pH was 6.8. Mickelsen and Ernstrom (59) 
showed the effect of pH on the stability of chymosin-
porcine pepsin blends. At pH 7.3 and 30 C, porcine pepsin 
was deactivated rapidly and completely , while chymosin was 
affected slightly. However, at pH S.S pepsin and chymosin 
had the same stability . The greatest stability of porcine 
pepsin in chymosin-pepsin blend was 3.8 and S.S. Loss of 
pepsin activity occured at pH 6 . 6 and higher . Although 
chymosin alone was not stable at pH 3, with 2S% or more 
pepsin , chymosin was destroyed completely in 48 h by 
porcine pepsin at pH 3. At pH 6.S , milk c l otting activity 
of 100% porcine pepsin was comp l etely destroyed 
after 48 h at 30 C , Factor s affected stability of chymosin 
also were - investigated (S8) . 
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The effect of temperature on porcine pepsin with rela-
tion to pH has been studied by Edelhoch (17) and O'Keeffe 
et al. (70). Porcine pepsin was denatured rapidly in 
phosphate buffer at pH 6.4 to 6. 7 between 31 and 39 C (70). 
Edelhoch found that in KN0 3 neutral salt solution, the 
heat of inactivation of porcine pepsin declined uniformly 
between pH 6 and 6.7. Inactivation of porcine pepsin in 
hard water was studied by Emmons (20). Porcine pepsin was 
denatured quickly at pH higher than 6.5 when diluted with 
hard water at ambient temperature. It was concluded that a 
temperature of less than 20 C and pH of less than 6.5 
should be used to maintain activity of porcine pepsin 
during dilution with hard water. However, porcine pepsin 
was very stable in SM urea at pH 2 and 2.5 at 30 C, but 
chymes in, Mucor miehei protease, and Mucor pus i l_ l us var. 
Lindt protease were denatured rapidly under the same con-
ditions (61). 
Porcine pepsin stability versus chymosin and other 
pepsins from rabbit and sheep was studied by El-Abbassy 
and Wahba (18). Porcine pepsin was mostly affected by pH 
changes. However, addition of cac1 2 increased the clotting 
activity of all enzymes, whereas sodium chloride decreased 
clotting activity. 
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Microtests of milk clotting enzymes 
Many methods have been developed to measure milk 
clott ing activity of milk coagulants (8, 9, 16 , 21, 22, 
47, 52, 74). Howe ver , the method reported by Ernstrom (21, 
22) remains the preferred assay method by the rennet 
industry. This method us ed the Sommer-Matsen apparatus 
(84), which has been developed to test the clotting time 
of mastiti c milk, and Berridge substrate (12 g non-fat dry 
milk in 100 ml 0.01 M cacl 2 ) (3). The activity in the 
unknown solution was calculated by the following equation : 
Ts Cs 
CU/ml x x 1 00 
Tu Cu 
where: 
CU/ml = Chymos in units /ml of unknown 
100 = Chy mosin units in 1 ml of dilute d standards 
Ts = Clotting time of standard 
Tu= Clotting time of unknown 
Cs Concentration of standard 
Cu Concentration of unknown 
McMahon and Brown (52) evaluated the Formagraph for 
measuring milk clotting activity of chymosin in comparison 
to a standard. A diagram of firmness versus time was 
recorded on photographic paper . This method does not 
require continua 1 observation. However, coagu 1 a ti on time 
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by this method is longer than that measured by the conven-
t i on a 1 me tho d ( 2 2 ) . Bo th me tho d s g i v .e 1 i n e a r s ta n d a r d 
curves between 0 .2 and 1 chymosin units/ml enzyme concen-
tration. Milk-clotting enzyme activity can be measured 
equally well by both methods. 
Cheeseman (8) developed a technique to measure milk 
clotting activity of milk proteases by their diffusion in 
an agar gel containing 1% whole casein and 10 - 20 mM CaC1 2. 
However, the sensitivity of this technique is less than 
that of Berridge substrate (3). The Cheeseman technique 
was applied to study the action of milk clotting enzymes 
prepared from cow , buff a 1 o , vegetab 1 e, and microbia 1 
sources on caseins from cow and buffalo milk (31). Milk 
coagulants from cow and buffalo formed two precipitating 
zones while diffusing through an agar plate containing the 
Cheeseman diffusion substrate. However, milk coagulants 
prepared from vegetables and microorganisms exibited dif-
ferent action on a casein agar plate forming only one 
precipitating zone followed by a clear zone. The differen-
tiation of enzyme coagulants on casein-agar gels of pH 
6.85 was studied by Richardson (77). Chymosin produced two 
precipitating zones after 24 h incubation at 32 C. Porcine 
pepsin produced a primary zone with smaller diameter. 
However, coagulants from Endothia parasitica and Mucor 
pusillus var Lindt produced single zones. It was concluded 
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that casein-agar gel techniques cannot replace the stan-
dard milk clotting tests for measuring coagulants activi-
ty. 
Lawrence and Sanderson (47) modified the Cheeseman 
technique to measure the activity of low conc~ntrations of 
milk coagulants. An agar diffusion assay using calcium 
caseinate was very sensitive and suitable for qualitative 
and quantitative assay for chymosin and other milk coagu-
1 ants. However, this test did not permit measurement of 
chymosin in all cheese and whey samples (39). Moreover, 
the procedure required humidity control to prevent the 
agar gel from drying during incubation. 
Holmes (39) developed a technique for quantitating low 
· concentrations of clotting enzymes in a substrate similar 
to that described by Lawrence and Sanderson (47), which 
was based on the gel diffusion technique developed by 
Caseman and Bennet ( 5) , and Ha 11 et a 1. ( 3 6) to detect and 
quantitate enterotoxins in foods. The Lawrence and 
Sanderson substrate was modified to increase its sen-
sitivity. The modified substrate contained 0.5% casein, 
3.6% sodium acetate, 0.01% Cac1 2 , and 0.7% Ion agar. 
Sedimentation tubes (3 mm ID X 110 mm length) were 3/4 
filled with the substrate. Five microliters of the enzyme 
solution was applied to the top of the diffusion tubes 
(after they were solidified by refrigeration, and brought 
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back to room temperature). The inoculated tubes were 
sealed and incubated at 37 C for 48 h. The precipitating 
bands formed in the casein-agar gel were measured by a 
densitometer. Concentrations of the unknown were deter-
mined by a standard curve prepared from known enzyme 
concentrations on semilogarthmic graph paper (Figure 2). 
Holmes diffusion technique can measure concentrations 
as low as lXl0- 4 chymosin units / ml with a 5% standard 
deviation. However, at higher concentrations, the conven-
tional clotting test with Berridge substrate is more 
precise and convenient. 
The diffusion technique was later improved by Holmes 
et al. (40) . Whole casein was replaced with;t'-casein and 
calcium salts were eliminated to prevent cloudiness of the 
diffusion gel during storage. 
The distribution of chymosin, porcine pepsin, Mucor 
pepsin mixture between curd and whey was determined in 
milk set at pH 5.2, 6.0, 6.4, and 6.6, by the diffusion 
technique (40). The distribution of chymosin and porcine 
pepsin between whey and curd was pH dependent. The 1 ower 
the pH at setting the more chymosin or porcine pepsin 
activity would be retained in the curd. There was a reten-
tion of 31% and 86% in the curd of freshly coagulated milk 
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Figure 2. Standard curve (concentration 
vs 48 h diffusion distance) of chymosin 




Figure 3. Distribution of 
chymosin between curd and 





Figure 4. Distribution of 
Mucor pusillus protease 
between curd and whey from 
freshly coagulated milk (40). 
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of setting was 6.6 and 5.2 respectively (Figure 3). The 
amount of chymosin retained in whey, was 72% and 17% 
respectively. However, the distribution of ~ucor pusillus 
var Lindt protease and ~ucor miehei protease was indepen-
dent of pH at setting. About 17 % and 83% of total enzyme 
activity added to milk was retained in curd and whey at 
all pH values (Figures 4 & 5). Porcine pepsin distribution 
between curd and whey was af fected by pH of milk at set-
ting in a manner similar to chymosin (Figure 6). However 
at pH values greater than 6.5 pepsin is unstable, there-
fore much of the activity was lost. Also, in order to 
release pepsin from curd, the curd slurry had to be 
adjusted to pH 6.8 which inactivated the enzyme. 
The survival of milk clotting enzymes during Cheddar 
cheese making was also reported (39, 40). It was found 
that 7% and 58% of the original chymosin added to cheese 
milk (Figure 7) , 6% and 93% of the original ~ucor pusillus 
protease added to cheese milk (Figure 9), and 5% and 17% 
of the original chymosin-pepsin mix (Figure 8) was active 
in the curd and whey respectively at dipping. After over-
night pressing, 6% of the chymosin, 3% of~~£~~ pu~llus 
protease, 1.8% of ~uc~~ ~ieh~i protease (Figure 10), and 
4% of the chymosin-pepsin mix was retained in cheese curd. 
However, only 9% of the total porcine pepsin added to 
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Figure 9 . Distribution of 
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Figure 10. Distribution of 
Mucor Miehei protease 
between curd and whey during 





Figure 11. Distribution of 
porcine pepsin between curd 
and whey during Cheddar cheese 
making (40). 
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activity was detected in cheese curd after pressing 
(Figure 11). 
Stadhouders et al. (85) developed an extraction proce-
dure to quantitate the amount of chymosin retained in 
cheese curd. Large amounts of lM acetate buffer at pH 4.9 
were used to extract the enzyme from cheese curd at 25 C. 
for 16 h. The extract was then centrifuged and dialized 
against distilled water, then freeze dried. The extract 
powder was dissolved in water at 30 C and mixed with an 
equal volume of double reconstituted milk prepared from 
low heat skim milk powder to estimate the clott ing time, 
against a standard with a known amount of chymosin. 
However, this procedure has not been applied to other milk 
clotting enzymes including porcine pepsin. The method 
seems difficult and complicated in comparison to that of 
Holmes et al (40). Moreover, it might be inconvenient to 
apply to porcine pepsin because the time of extraction is 
too long (16 h at 25 C), which might inactivate some of 
the enzyme. 
A sensitive immunochemical assay method to determine 
the amount of chymosin in cheese has been developed by 
Matheson (55). It is a combination of immunochemical and 
diffusion methods. Chymosin can be determined by this 
procedure qualitatively and quantitatively even though 
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other milk coagulant enzymes of similar specificity are 
present with the chymosin in cheese. 
It appeared that Holmes et al. (40) procedure for 
measuring low concentrations of milk clotting enzymes is 
the most convenient method to measure the residual porcine 
pepsin quanti ta ti ve 1 y in Cheddar cheese curd. However, a 
modification of the extraction procedure is required to 
enable a complete recovery of the enzyme (porcine pepsin) 
from the c urd. 
Pepsin from other sources 
Bovine pepsin and chicken pepsin have been used as 
rennet substitutes in cheese making (29, 32, 33, 41, 87). 
Clotting activity of bovine pepsin was slightly more 
dependent on pH than that of chymosin (29). The proteoly-
tic activities of bovine pepsin and chymosin were about 
the same. 
Chicken pepsin was used unsuccessfully in Cheddar 
cheese making ( 3 3, 8 7). Pur if ica ti on and character iza ti on 
of chicken pepsin was described by Bohak (4). Cheddar 
cheese made with chicken pepsin was unacceptable in quali-
ty and yield (33, 87). Chicken pepsin was more stable than 
calf chymosin or porcine pepsin and has about the same 
s tab i 1 i t y a s th a t of !'.!~~or !ii eh e i pr o tea s e a t pH 6 . 3 a n d 
50 C (33). The efficacy of chicken pepsin as a milk clot-
ting enzyme was studied by Gordin and Rosenthal 
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(32). They found that good quality Emmenthal, Kashkaval 
and unripened soft cheeses were produced with chicken 
pepsin when attention was paid to pH control and tempera -
ture, and with slight modification in the cheese making 
technique. Husek and Dedek (41) claimed that, during 
cheese making, with partial substitution of chymosin by 
chicken pepsin, the ripening was faster. Partial substitu-
tion ·of chymosin with chicken pepsin up to 30% was ade-
quate to produce good qua 1 i ty Edam cheese, Moravian Loaf 
cheese (Emmenthal type cheese), and Zlato (a Bel Paese 
type of cheese). 
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MATERIALS AND METHODS 
Milk 
Raw whole milk was obtained from Utah State Unive rsity 
Dairy Laboratory and pasteurized at 63 C for 30 min, 
adjusted to the desired pH by lactic acid or concentrated 
hydrochloric acid, and kept overnight at 2 C. 
Enzymes 
Standard rennet (100 chymosin units/ml) was obtained 
from New Zea 1 and Cooperative Rennet Co., Ltd. Porcine 
pepsin was obtained as a crude powder (activity 1200-2000 
units/mg protein. One unit will produce a A280 of 0 .001 
per min at pH 2 . 0, measured as TCA-soluble products using 
hemoglobin as a substrate), and crystalline powder (acti-
vity 2500-3200 units/mg protein)· from Sigma Chemical 
Company . The activity of 3.75% of crude powder pepsin 
solution was evaluated against the standard rennet at pH 
6.2 and 6.5 by the method of Ernstrom (22). The activity 
of 0.5% of crystal line porcine pepsin solution was 
evaluated against standard rennet at p3 6.5. 
G 1 ucono- O -1 act one 
Glucono-5 -lactone was obtained as a coarse powder 
from Pfizer Chemical Division (Pfizer Inc. New York, N.Y.) 
Starter 
Starter was obtained from Bio lac Inc. (Logan, Utah). 
Di ffus i on tubes and 
t e st subs t rate 
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The diffusion tubes filled with the test substrate 
were obtained from Bio 1 ac Inc. (Logan, Utah), or prepared 
according to Holmes et al. (40). 
Measureme nt of enz yme 
conc entratio ns 
Whey: 
Measurement of the enzyme concentrations in whey was 
according to Holmes et al. (40), except that, the diffu-
sion distance was measured with a Beckman DU-8 spectropho-
tometer. A standard curve was prepared for chymosin and 
porcine pepsin as in Holmes et al. (40). Diffusion distan-
ces of known enzyme concentrations (10- 1 , 10- 2 , 10- 3 , and 
10- 4 ) were plotted versus enzyme concentrations on semi -
logarithmic graph paper . Concentration of the unknown 
can be determined from this curve. 
Curd: 
Measurement of enzyme concentration in curd was ac-
co r d i ng to Holmes et al (40) for the co n trol. The fol -
lowing modification wa s ma de on the extraction procedure 
of Hol me s et al. (40) diffusion tec hniq u e to a llow com -
p l ete rec ove r y o f po r c ine pepsin f r o m curd. 
Modification of Holmes et al. 
(40) diffusion technique 
Th ir ty gr am s of curd were blended with 450 ml lM Na Cl 
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solution at slow speed in a Waring blender for 1.5 min 
to form the curd extract. The pH of the curd extract of 
freshly coagulated milk was adjusted to pH 6.0 with lM 
HCl. The pH of the curd extract of Cheddar cheese was 
adjusted to pH 6.0 with O. lM NaOH, then filtered by 
gravity using Whatman NO. 1 filter paper. For porcine 
pepsin, the extraction was done at <10 C to avoid any 
denaturation of the enzyme that may occur at higher tempe-
ratures (20). 
Five microliters of the filtrate was applied to the 
top of the diffusion tube, then incubated for 48 h at 37 
C (Figure 12). Enzyme concentration was determined from 
the standard curve. 
Measurement of diffusion distance 
The diffusion distance of chymosin and porcine pepsin 
was measured after incubation of the diffusion tubes at 37 
C for 48 h by gel scanning using a Beckman DU-8 Spectro-
photometer (Beckman Instruments, Inc., Irvine, Ca 1 ifornia) 
(Figure 13). The diffusion distance of chymosin and 
porcine pepsin is the distance from the origin (meniscus 
of the ;f-casein agar gel) to the leading edge of the 
precipitation band (Figure 14). 
Cheddar cheese 
Norma 1 Cheddar cheese (contro 1) was made according to 
Holmes (39). Starter - free Cheddar cheese was made as in 

Figure 12. A schematic of the Holmes et al. (40) diffusion 
technique and the modified diffusion technique. 
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Figure 13. Beckman DU-8 spectrophotometer used to 
measure enzyme diffusion distance by gel scanning. 

Figure 14. Spectrophotometer tracing of density changes 
in a diffusion tube after 48 h incubation at 37 C with 
5 µ]. of .1 CU/ml of chymosin. 
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O'Keeffe et a 1 ( 7 2) with some mod if ica tions: 
1. Cheddar cheese was made in 20 cm. cubical plastic vats 
(39). Milk was acidified by lactic acid to the desired pH 
(pH 6.6, 6.4, 6.2, and 6.0). 
2. Heating was accomplished by electrical resistance (39). 
3. Enzymes were added to milk at a rate of 67.5 ml of 100 
chymosin units/ml per 454 kg milk . The amount of 3.75% 
porcine pepsin solution added to milk of pH 6.6 and 6.4 
was based on evaluation against standard rennet (100 chy-
mosin units / ml) at pH 6.5. The amount of 3.75% porcine 
pepsin solution added to milk of pH 6.2, and 6.0 was based 
on evaluation of 3.75% porcine pepsin solution against 
standard rennet at pH 6.2. The setting temperature was 30 
C. The sEitting time was 30 min. 
4. Curd was cut into cubes of about 1 cm 3 in size. 
5. Cooking: after cutting, the curd was held for 15 min 
with gentle agitation, then the temperature was raised 
from 30 to 38 C over a 30 min period. The curd was held at 
38 C for 1 h with stirring. The pH of the curd and whey 
was adjusted with lactic acid each 10 min during cooking 
to that pH of normal Cheddar cheese (control). The amount 
of lactic acid added depended on the pH at setting. 
6. Cheddaring, milling and pressing: After drawing the 
whey, 18 g of solid glucono- 6-lactone/450 g starter-. 
free curd was added. Curd was made into one pile and was 
cheddared until the pH of the curd reached about 5.3. 
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Additional glucono~h-lactone was added to cheese curd 
depending on the pH of the curd. Approximate 1 y, 3 g 
glucono-6- lactone /450 g curd was required to decrease the 
pH by 0 .1 pH unit (72). 
7. Pressing was accomplished in small aluminium hoops with 
weights placed on top. 
8. Ripening was accomplished at 7 C. 
Measurement of residual pepsin 
and chymosin in cheese curd 
Residual porcine pepsin and chymosin were measured in 
Cheddar cheese after pressing by the modified Holmes et 
al. diffusion technique (40). 
Ultrafiltered {UF) cheese curd 
Whole milk was pasteurized at 63 C for 30 min, then 
adjusted to pH 5.8 by concentrated hydrochloric acid, kept 
over night at 2 C, then adjusted again to pH 5.8 before 
ultrafiltration. Ultrafiltration was according to 
Ernstrom et al. (26), using Crepaco Food Equipment and 
Refrigeration u 1trafi1 tra ti on unit (Crepaco Inc. Chicago 
I 11.) (Figure 15). The retentate was pasteurized at 63 C 
for 30 min, then one liter was used first to measure the 
amount of glucono-6- lactone required to reduce the pH to 
5.1-5.2. The whole retentate was then adjusted to pH 5 . 2 
by means of glucono-o-lactone. Condensation of the reten-
tate was by vacuum evaporation at 40.5 C until moisture 
Figure 15. Crepaco ultrafiltration unit used for 
ultrafiltration and difiltration of whole milk (5X). 
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reac~1ed 39.3% (75) using Groen condenser (GroP-n, Inc. 
U.S.A) (Figure 16). A schematic of UF-cheese curd making 
is shown in Figure 17. 
Total bacterial count 
Total bacterial count of UF cheese curd was determined 
after 6 weeks and 12 weeks ripening to evaluate the effect 
of contaminating bacteria on casein degradation during 
ripening (86). 
Gel electrophoresis 
Cheese acidified with g 1 ucono-b-1 actone was examined 
for casein degradation during ripening by means of 
polyacrylamide urea gel electrophoresis at pH 9.1 - 9.3 , 
using the procedure of Kiddy (46). LKB 2117 Multiphor 
horizontal electrophoresis cell was used (LKB-Prodekter 
ABS-16125 Bromma, Sweden) (Figure 18). Current was applied 
to the gel as follows: 100 volts for 10 min before ap-
plying the samples to the gel, then 100 volts for 10 
minutes after applying the samples to the gel, followed by 
increasing the vo 1 tage to 200 vo 1 ts for 4 to 5 h. 
Cheese samples 
Cheese samples for electrophoresis were prepared by 
the procedure of Ledford et al. (49) with slight modifica-
tion: 
Two-tenth of a gram of cheese was minced in mortar and 
Figure 16. Groen vacuum condenser used to make UF 
cheese curd from retentate. 


Figure 17. A schematic of UF-cheese curd making. 
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Figure 18. LKB 2117 Multiphor horizontal electrophoresis 
cell used for gel electrophoresis of starter-free Cheddar 
cheese and UF-cheese curd. 
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pestle with 0.8 ml distilled water and 2 ml modified 
Poulik's buffer [35 ml stock Poulik's buffer (0.92% Tris, 
1.2% citric acid), 205 ml distilled water , and 174 g urea 
(46) }, then transferred to a 10 ml test tube. Three drops 
of 1.5 g/ml sucrose solution and 6 drops of dye marker 
solution (1.5 g amido black+500 ml of 60% ethanol) (46) 
were added to the sample. Two drops of mercaptoethanol 
were added to the mixture 45 min prior to electrophoresis 
( 49) . 
Staining and destaining the gels 
Amido black (2 g. amido black, 50 ml. glacial acetic 
acid, 250 ml methanol, and 250 ml distil led water) (46) 
was used for staining the ge 1 s, and ge 1 s were de stained by 
several washes with 7% acetic acid (46). 
Gel drying 
Prior to drying the gels, they were soaked in a pre-
serving solution (30% ethanol, 10% acetic acid, and 10% 
glycerol) for at least 1 h to prevent cracking during 
drying. Gels were dried by Bio Rad gel drier, model 244 
(Hoefer Scientific Instruments, U.S.A.) (Figure 19). 

53 




Measurement of enzyme diffusion distance was by scan-
ning in DU-8 a Beckman s pectrop hotometer. Figure 14 shows 
the diffusion distance of 10-l chy mosin unit/ml of 
chymosin solution in the -casein-agar gel, after 48 h 
incubation at 37 C. The origin (meniscus of of -casein-
agar gel) and the precipitation band are clearly marked. 
This method of measuring enzyme diffusion distance was as 
good as using a millivolt recorder, as done by Holmes et 
al. (40). 
Modification of the 
diffusion technique 
Modification of the diffusion technique was first ap-
plied to chymosin to predict its accuracy in comparison 
with the original procedure (40). 
Table 1 shows the diffusion distances, the chymosin 
in whey and curd, and percent of total activity recovered 
from each sample of freshly coagulated milk. pH of the 
milk at setting was 6.2. The amount of chymosin added was 
3 .5 chymosin units/225 g milk. The control represents the 
original procedure in which the enzyme was extracted from 
the curd in distilled water, then adjusted to pH 6.8. 
Extraction of chymosin from the curd by the modified 
procedure was at pH 6.0 in lM NaCl solution. The difference 
Table 1. Diffusion distances, c hymos in concentrations in c urd and whey, and 
total chymosin recovered from 10 replications of fres hly coagulated milk. 
WHEY CURD TOTAL 
Diffusion Total Total Total 
Sampl e distance c hymosi n recovery 
Diffusion Total 
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t= -.4 5 
( % ) (CU) ( % ) 
29.7 3.54 101 . 14 
31.34 3 . 60 102.86 
32.86 3. 42 97.71 
24.57 3.41 97.43 
17.71 3.12 89 . 14 
34. 28 3.6 0 102.86 
38.00 3 .68 105.1 4 
54.28 3.45 98.57 
35 . 43 3.78 108.00 
34.29 3 .40 97.14 
39.43 3 .69 105.4 2 
34 .3 +9.6 3.5+ 0.2 100.4+5 - - -
t=.12 




between the average total chymosin units recovered by the 
modified procedure and the total chymosin units recovered 
by the original procedure was 0.025, which is insignifi-
cant (Table 1). The average total chymosin units accounted 
for in curd and whey from 10 replicates was 3.5 chymosin 
units with a standard deviation of 0 . 2 which represented 
100.43% of the total chymosin added to the milk with a 
standard deviation of 5.5 % (Table 1, Figure 20). 
The dif f usion distances, amount of enzyme in the curd 
and whey, and total enzyme retained in samples of freshly 
coagulated milk for porcine pepsin are shown in Table 2. 
The pH of milk at setting was 5.8. The pH of enzyme ex-
tract for the c ontrol was 6. 8. Distilled water was used 
for extraction at a temperature >10 C. The extract was 
then adjusted to 6.8. 
There was a loss of 36.4% of the total porcine pepsin 
added to milk when extracted by the procedure of Holmes et 
al (40). This loss was caused by increasing the pH of 
extraction to 6.8 which inactivated much of the pepsin in 
the curd. The pH of curd extracted by the modified proce-
dure was 6.0 using lM NaCl at a temperature <10 C. This 
allowed complete recovery of all the porcine pepsin from 
the curd. The average pepsin recovery from five replicates 
of curd and whey from freshly coagulated milk was 3.58 
chymosin units with a standard deviation of 0.12. This 
refresented 102% with 2 sta~da~d deviation of 5.9% of the 

Figure 20. Total recovery of chymosin and porcine pepsin 
in curd and whey from freshly coagulated milk by the 
original (40) (control) (pH 6.8) and the modified 
extraction procedure (pH 6.0). Vertical lines at the 
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Table 2. Diffusion distances, porcine pepsin concentrations, and total pepsin 
recovered from five replications of freshly coagulated milk 
WHEY CURD TOTAL 
------------------------------------- --------------------------- ------------------
Diffision Total Diffusion Total Total Total 
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,6 5. 6 + 4 
t=-8-:-7+ 
(CU) ( % ) 
2.226 63.60 
3.658 104.51 






* represents the original extraction procedure in which the enzyme was extracted 
from the curd in distilled water, then adjusted to pH 6.8 
+ significant difference at < .001 




total porcine pepsin added to the milk. 
The distribution of chymosin and porcine pepsin 
between whey and curd in freshly coagulated milk is shown 
in Figure 21 . Of the tot a 1 chymos in added to the mi 1 k 
66 . 2% with a standard deviation of 8.4% was accounted for 
in the whey, while 34.27% with a standard deviation o f 
9.6% was retained in the curd at -a setting pH of 6.2 
(Table 1). The amount of porcine pepsin retained in curd 
of freshly coagulated milk set at pH 5 . 8 was 65.6% with a 
standard deviation of 4% of the total pepsin added to the 
milk. The amount of pepsin acounted for in the whey was 
36 . 7% with a standard deviation of 3% o f the total porcine 
pepsin added to the milk. There was more enzyme activity 
he l d in curd than when set with chymosin. This is because 
the pH at setting with c hymosin was 6.2, while the p H at 
setting with porci ne pepsin was 5.8. 
Porcine pepsin in Cheddar 
cheese after pressing 
Cheddar cheese was made in triplicate from pasteurized 
whole milk set with porcine p e ps in at pH 6.6 , 6.4 , 6.2, 
and 6.0. The residua l porcine peps in i n the curd after 
pressing was extracted by the modified procedure and mea-
sured by the diffusion technique (40). The amount of 
porcine pepsin retained in the cheese after pressing de-
pended on the pH of milk at setting (Table 3). When milk 
was set at pH 6.6 no porcine ·pepsin was detected in the 

Figure 21. Chymosin and porcine pepsin accounted for in 
curd and whey from freshly coagulated milk by the original 
(Holmes et al. (40) procedure) and modified extraction 
procedure. Milk set with chymosin at pH 6.2 and with pepsin 
at p~ 5.8 . Vertical lines at the top of the bars represent 
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pressed curd, while 5.94% of the pepsin activity 
added to cheese milk set at 6.0 was retained in the curd 
after pressing with a standard deviation of 0.3%. At a 
setting pH value of 6.2 and 6.4, the amount of original 
pepsin retained in the curd after pressing was 4.79% with 
a standard de vi ation of 0.52% and 3 .64 % with a standard 
deviation of 0.12%. 
Table 3. Percentages of porcine pepsin retained in Cheddar 
chee se curd after pressing . 
pH of milk at setting 
6.6 
6.4 
6 .• 2 
6. 0 
Starter-free cheese 
porcine pepsin accounted for 
in cheese curd after pressing. 
( % ) 
0.00 
3 .64 + 0.12 
4.79 + 0.52 
5.94 + 0.30 
Four lots of starter-free cheese milk were adjusted to 
pH 6.6, 6.4, 6.2, and 6.0 with lactic acid and were set 
with chymosin or porcine pepsin. Glucono- 6-lactone was 
added to cheese curd after draining the whey, and at 
salting. The final pH of the curd was 5.1-5.2. The mois-
ture content was 37-39% (75). At different stages during 
ripening at 7 C , the cheese was examined for degree of 
proteolysis by polyacrylamide electrophoresis. (Figures 
22-31) . 

Figure 22. Polyacrylamide gel electrophoretic patterns 
of starter-free Cheddar cheese made from milk set with 
chymosin at pH 6.6. (Pattern A: after pressing, patter1 
















Figure 23. Polyacrylamide gel electrophoretic patterns 
of starter-free Cheddar cheese made from milk set with 
porcine pepsin at pH 6.6. (Pattern A: after pressing, 
pattern 8: 10 days old, pattern C: 6 weeks old, pattern 
0: 10 weeks old, and pattern E: 14 weeks old) 
,,.. ' 
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Figure 24. Polyacrylamide gel electrophoretic patterns 
of starter-fre~ Cheddar cheese made from milk set with 
porcine pepsin at pH 6.4. (Pattern A: after pressing, 










Figure 25. Polyacrylamide gel electrophoretic patterns 
of starter-free Cheddar cheese made from milk set with 
porcine pepsin at pH 6.2. (Pattern A: after pressing, 














Figure 26. Polyacrylamide gel electrophoretic patterns 
of starter-free Cheddar cheese made from milk set with 
porcine pepsin at pH 6.0. (Pattern A: after pressing, 








Figure 27. Polyacrylamide gel electrophoretic patterns 
of starter-free and coagulant-free UF cheese curd after 
1 week ripening at 7 C (pattern A), and starter-free 
Cheddar cheese of the same age made from milk set with 




Figure 28. Polyacrylamide gel electrophoretic patterns 
of starter-free and coagulant-free UF cheese curd after 
6 weeks ripening at 7 C. (pattern A), and starter-free 
Cheddar cheese of the same age made from milk set with 





Figure 29. Polyacrylam~de gel electrophoretic pattern 
of starter-free and coagulant-free UF cheese curd after 
14 weeks ripening at 7 C. 


Figure 30. Polyacrylamide gel electrophoretic pattren 
of starter-free Cheddar cheese made from milk set with 
crystalline porcine pepsin at pH 6.6 after 12 weeks 
ripening at 7 C. 


Figure 31. Polyacrylamide gel electrophoretic pattern 
of starter-free Cheddar cheese made from milk set 
with crystalline porcine pepsin at pH 6.0 after 14 
weeks ripening at 7 C. 
' 
Ci. SI .... 
Milk set at pH 6.6 
with chymosin 
Figure 22 shows the polyacrylamide gel electrophoretic 
patterns of starter free Cheddar cheese. The milk was set 
with chymosin, and acidified with lactic acid and glucono-
b -lactone. Pattern A represen t s the cheese after pres-
sing. There was some initial degradation in the o<s 1 -
casein band which continued to degrade as the chee se 
ripened to 10 days {pattern B) , and 12 weeks (pattern C). 
Some degredation of ~-casein also was evident after 12 
weeks as shown in pattern C. 
Milk set at pH 6.6 
with porcine pepsin 
Figure 23 shows the polyacrylamide gel electrophoretic 
patterns of Cheddar cheese set at pH 6.6 with porcine 
peps in and acidified with lactic acid and glucono-{-
lac tone (no starter). Pattern A shows that after pressing, 
there was no breakdown in ~s 1 -casein. A slight degradation 
of ~51 -casein appeared after 10 days ripening as shown in 
pattern B. Pattern C shows more breakdown of ~s- casein 
after 6 weeks ripening. Degradation of ~s 1 -casein conti-
nued as the age of cheese increased to 10 and 14 weeks as 
shown in patterns D and E. 
Milk set at pH 6.4 
with porcine pepsin 
Figure 24 shows the polyacrylamide electrophoretic 
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patterns of Cheddar cheese made from milk set at pH 6.4 
with porcine pepsin, and acidified with glucono- b -
lactone and lactic acid. A breakdown in ~s 1 -casein 
appeared in pattern A which represents the cheese after 
pressing. Pattern B shows the breakdown in o<sl -casein 
after 10 days ripening. After 14 weeks ripening more 
protea 1 ysis occured in o<s 1 -casein and s 1 ight protea 1 ysis 
in ;.J-casein. 
Milk set at pH 6.2 and 
6. 0 with porcine pepsin 
Figures 25 and 26 show the polyacrylamide gel electro-
phoretic patterns of Cheddar cheeses made from milk set 
with porcine pepsin set at pH 6.2 and 6.0 respectively, 
and acidified with. 1 actic acid and g 1 ucono-cf-1 actone (no 
starter) . 
In cheese set at pH 6.2 (Figure 25), a clear breakdown 
in the o<s 1 -casein occured after pressing as is shown in 
pattern A. After 10 days ripening the °'sl -casein was 
h i g h 1 y d e gr a de d ( pa t t er n B ) . M or e d e gr a d a t i on i n o<s 1 -
casein and some degradation in ,,8- casein appears in 
pattern C which represents cheese at l~ wee~s of age . 
The electrophoretic patterns of Cheese s et with porcin e 
pepsin at pH 6 . 0 are s hown i n fi g ur e 26 . Cheese afte r 
pressing , 10 days , and 12 weeks ripening are represented 
by electrophoretic patterns A, B, and C. The degradation 
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in o<s 1 - ca s e in started i mm e di ate 1 y after pres s in g , and 
increased markedly as the cheese aged. 
Starter-free and coagulant-free 
cheese curd (UF cheese curd) 
Cheese curd was made from ultrafiltered milk (26) with 
a final pH of 5.2, and a moisture of 39%. Milk was adjus-
ted to pH 5.8 with HCl prior to ultrafiltration and 
difiltration (SX). The retentate was reduced to pH 5.2 
with glucono-6-1actone prior to evaporation to 39% mois-
ture (no starter and no milk coagulant). The amount of 
glucono-&-lactone required to drop the pH of the retentate 
to 5.1-5.2 was 50 g/ 1, and al lowed to act for 3 h at 30 C. 
After six weeks ripening, the standard plate count of the 
cheese was 7Xl0 3 per g, and after 14 weeks, it was 55x10 3 
per g. Electrophoretic patterns of the UF cheese curd are 
shown in Figures 27, 28, and 29. 
Figure 27 A represents 1 week old UF cheese curd. 
Pattern B of the same figure represents Cheddar cheese 1 
week of age set with porcine pepsin at pH 6.6 and acidi-
fied with lactic acid and glucono-d-lactone (no starter). 
Both patterns show very faint degraded band of ~s 1 -casein. 
Pattern A of Figure 28 represents 6 week old UF cheese 
curd (no starter and no coagulant) which shows a degrada -
tion in the o<s 1 -casein and beta casein. Degradation in 
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cheese set with porcine pepsin at pH 6.6 (no starter) of 
the same age (pattern B). The same UF cheese curd after 14 
weeks ripening is shown in Figure 29. Substantial degrada-
tion of ~s 1 -casein is evident. 
Milk set with crystalline porcine 
pepsin at pH 6.6 and 6.0 
Crystalline porcine pepsin was used to make starter-
free cheese set at pH 6.6 and 6.0. The polyacrylamide gel 
electrophoretic pattern of cheese 12 weeks of age set at 
pH 6.6 is shown in Figure 30. A clear degraded band of 
~ 1 -casein is evident . The polyacrylamide gel electr-
ophretic patterns of cheese 14 weeks of age, set with 
crystalline porcine pepsin (no starter) at pH 6.0 is shown 
in Figure 31. There -was very excessive degradation of °'sl-
casein. A breakdown in ;8-casein is clearly evident. 
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DISCUSSION 
A modification of the extraction procedure of Holmes 
et al (40) diffusion technique was based on th e 
assumption that the pH dependent interaction between 
cheese curd and chymosin or porcine pepsin was ionic. 
Such an interaction can be weakened by extraction with 
sodium chloride solution instead of water. This could 
enable extraction of these enzymes at pH values harmless 
to porcine pepsin. Extraction in lM NaCl at pH 6.0 was 
applied first to chymosin and was found to be as effective 
as that of the original procedure. A complete recovery of 
chymosin from curd was accomplished. The modified extrac -
tion procedure was next applied to porcine pepsin curd , 
which a 1 so a 11 owed complete recovery of the enzyme from 
curd formed from freshly coagulated milk at pH 6.0. 
The modified extraction procedure for measuring low 
concentrations of milk clotting enzymes allowed us to 
answer the question as to whether porcine pepsin survives 
the Cheddar cheese making process. The amount of porcine 
pepsin retained in Cheddar cheese curd after pressing 
depended upon the pH of the milk at setting. This agrees 
with other workers (70). The lower the pH at setting the 
more porcine pepsin was retained in Cheddar cheese. 
However, at a setting pH of 6.6 no porcine pepsin was 
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detected in Cheddar cheese curd after pressing. This means 
that a complete destruction of the enzyme occured during 
the manufacture of Cheddar cheese set at pH 6.6. 
A breakdown in ~s 1 -casein occured during the ripening 
of Cheddar cheese set with porcine pepsin at pH 6.6 
(without starter) even though no porcine .pepsin survived 
the cheese making process (Figure 23). O'Keeffe et al. 
(70) claimed that some porcine pepsin survived Cheddar 
cheese making even though the pH of setting was 6.6 or 
6. 6 5. 
The cause of o<s 1-casein degradation in the absence of 
pepsin was investigated. Cheese curd was made from ultra-
f i l tered milk acidified with hydrochloric acid and 
glucono-6-lactone to a pH of typical Cheddar cheese after 
pressing (pH 5.2). The acidified retentate was condensed 
to 39% moisture under vacuum . No milk coagulant and no 
starter was employed. This UF-curd contained about 4% whey 
protein as compared to regular curd that contained approx-
imately 0.5%. However whey proteins are much more 
resistant to proteolysis than the caseins, and it is 
unlikely that this difference would have interferred with 
the results of this study. 
The electrophoretic patterns of the UF-cheese curd 
after 1 week, 6 weeks and 14 weeks ripening appear similar 
to those of Cheddar cheese of the same age, set with 
porcine pepsin at pH 6.6 (no starter). (Figures 27, 28 , 
90 
and 2 9 l . The d e gr ad a t i on of o<s 1 - c a s e in i n U F- ch e e s e curd 
and Cheddar cheese curd set with porcine pepsin at pH 6.6 
must have been caused by factors other than pepsin, star-
ter bacteria, or contaminating bacteria, since the to ta 1 
bacterial count of the cheese curd after 6 weeks ripening 
was only 7000 per g. The factor that caused the breakdown 
in 1, 1-casein could have been an acid milk protease which 
survived the pasteurization process. This protease has an 
optimum pH of 4 (43). We agree with Visser et al. (92), 
who found that milk protease caused some degradation in 
~ 1 -casein and ft-casein in aseptic Gouda cheese that was 
free of milk coagulant and starter bacteria. 
The degradation of ~s 1 -casein in Cheddar cheese set 
with porcine pepsin (no starter) increased as the pH at 
setting decreased from 6.4 to 6.0 (Figures 24 , 25, and 26) 
because progressively more porcine pepsin was retained in 
cheese curd. This is in agreement with other workers (40). 
Polyacrylamide gel electrophoretic patterns of Cheddar 
cheese set with chymosin (no starter) at pH 6.6 showed a 
breakdown in ~sl -casein after pressing (Figure 22). 
However, the extent of degradation in o's 1 -casein after 
pressing, 10 days and 12 weeks ripening is about the same 
as in cheese of similar ages that set with porcine pepsin 
at pH 6.2 (no starter). The amount of chymosin that was 
retained in Cheddar cheese curd after pressing was about 
6% of the total chymosin activity added to the milk (40). 
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The amount of porcine pepsin retained in cheese curd set 
at pH 6.2 was 4.7%. At pH 6.0, 6% of the total pepsin 
added to cheese milk was recovered in cheese curd after 
pressing. Crystall ine porcine pepsin was used in this 
study to compare its proteolytic effect on caseins with 
that of crude pepsin. Cheddar chee se was made from milk 
set with crystalline porcine pepsin at pH 6.6 and 6.0 
acidified with l actic acid and glucono- £ -lactone (no 
starter). The cheese set at pH 6.6 had about the same 
proteolytic breakdown in ~s 1 -casein as that made with 
crude porcine pepsin (Figures 23 and 30) . The -electropho-
retic pattern of cheese set at pH 6.0 with crystalline 
porcine pepsin showed more degradation in "'s 1-cas ein and 
pi-casein a fter 12 weeks of ripening than cheese of the 
same age set at the same pH with crude porcine pepsin 
(Figures 26, 3 1). 
Further studies are needed to determine the effect of 
starter proteinases on caseins of Cheddar cheese by 
making coagulant free cheese curd acidified with starter 
bacteria. The degradation of caseins during ripening 
caused by starter bacteria could be determined by polyac-
ry l amide gel electrophoresis, and compared with the 
starter free Cheddar cheese set with chymosin and porcine 
pepsin. The degraded bands could be determined quantitati-
vely by measuring their molecular weight by SOS-electro-
phoresis. 
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Another approach to make coagulant - free cheese was 
proposed by Visser (88). The first action of chymosin was 
performed on ca++ depleted milk. The coagulant was then 
inactivated by pasteurization at 72 C for 15 sec. Calcium 
chloride was then added at 4-5 C, followed by dielectric 
heating to 30 C to induce coagulation. This kind of cheese 
could be compared electrophoretically and organoleptically 
with normal and starter-free Cheddar cheese. 
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CONCLUSIONS 
1. Porcine pepsin surv i va 1 during Cheddar cheese making 
depends upon the pH of milk at setting. The lower the pH 
the more porcine pepsin was retained in the curd . No 
pepsin activity was detected in cheese when the pH at 
setting was 6 . 6. 
2. Degradatio n of ~s 1 -casein during the curing of Cheddar 
cheese made with porcine pepsin increased as the pH at 
setting decreased . 
3. Degradation of o<sl -casein occured even though no 
porcine pepsin or starter bacteria were present in cheese 
curd. This might be caused by the milk proteases. 
4. When Cheddar cheese was set at pH 6 . 6, porcine pepsin 
did not survive the Cheddar cheese making process, there -
fore, could not contribute to cheese curing. 
S. Porcine pepsin had greater proteo l ytic activity o n 
casein than chymosin when eq u al a mo un t of both enzymes 
were retained in Cheddar cheese curd . 
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